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ABSTRACT ~571 
A flush-mounted antenna assembly (10) including a 
generally rectangular, conductive, box structure (11) 
open along one face to form a cavity. Within the cavity 
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a-pair of mutually orthogonal dielectric plane surfaces 
(13) (14) in an “egg crate” arrangement are mounted 
normal to the plane of the open face, each diagonally 
within the cavity. Each dielectric plane supports a pair 
of printed circuit dipoles typically (16) each fed from 
the opposite side of the dielectric plane by a printed 
“cone-shaped” feed line trace (15) which also serves as 
an impedance matching device (19) and functions as a 
balun connected from an unbalanced strip line external 
feed (24 and 26). 
The open face of the conductive cavity can be flush 
mounted with a randome thereover, the assembly 
thereby being flush with the skin of a aircraft or space 
vehicle. 
12 Claims, 5 Drawing Figures 
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pluralities of dipoles in two orthogonal arrangements. 
Separate feeds permit separate excitation control and 
phasing for radiation pattern selection or polarization 
CAVITY-BACKED, MICRO-STRIP DIPOLE 
ANTENNA ARRAY 
diversity or agility. 
ORIGIN O F  THE INVENTION 5 In U.S. Pat. No. 4,132,995, a cavity backed, slot- 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; U.S.C. 2457). 
DESCRIPTION 
TECHNICAL FIELD 
radiator antenna with an orthogonal, printed-circuit, 
feed strip is disclosed. While this disclosure shows the 
use of a printed circuit strip as a feed element, the actual 
radiator is a slot in a conductive sheet on the opposite 
lo side of the planar substrate sheet vis-a-vis the said feed 
element, facing into the cavity on one side and through 
the dielectric substrate and a radome sheet into the 
antenna aperture on the other side. No “turnstile” com- 
bination is provided by U.S. Pat. NO. 4,132.995 and the 
specifically to aircraft and space vehicle, flush- l5 radiation pattern is roughly a fixed cardiod. 
mounted, microwave band antennas. Considering the use of the &vice of US. Pat. No. 
In high performance aircraft and reentry space craft, 4,132,995 as a flush antenna for very high speed, aids- 
air friction at high vehicle speeds results in heating to pace, reentry type vehicles it becomes immediately 
such an extent that any Protrusions from the skin of the 20 apparent that the flat plane of the microstrip feed ele- 
ment would be separated from the high vehicle skin 
, 
My invention relates generally to antennas and more 
vehicle could be subject to damage or even bum-off. 
Accordingly, it is usually imperative that antenna struc- 
tures not project beyond the skin surface of such a high 
performance air/space vehicle. Hence, it has been the 
practice to provide flush-mounted structures. The fre- 
quencies normally employed are very high including 
microwave region, and accordingly relatively compact 
structures are possible, even where special radiation 
patterns are required. 
BACKGROUND ART 
In the prior art, various approaches have been taken 
for the implementation of flush ailtenna structures. Var- 
ious cavity enclosed antenna structures are extant in the 
prior art and any of these could be considered relevant 
to flush mounted airhpacecraft antennas, whether or 
not this prior art was deve!oped for aidspacecraft em- 
ployment. 
Typical of the prior art cavity-type antennas are the 
devices shown in U.S. Pat. Nos. 3,836,976; 3,740,754 
and 3,789,416. In U.S. Pat. No. 3,740,754, a turnstile 
antenna within a cup-like cavity is disclosed. The turn- 
stile elements are bars or tubes self-supported from a 
central feed structure. It could be said that a radome 
might be affixed over the open cup and the device 
thereby converted to a flush mounted antenna by in- 
stalling it in a corresponding opening in the skin of an 
aidspace vehicle. The radiating elements of U.S. Pat. 
No. 3,740,754 would be unsuitable for the severe envi- 
ronment of air/space vehicle service, since in addition 
to air friction heating, shock and vibration are encoun- 
tered. The discrete tubular or rod-like elements of that 
reference are likely to be unable to resist such shock and 
vibration and therefore its structure would be generally 
unsuitable for the application. 
In U.S. Pat. No. 3,789,416, another turnstile antenna 
structure is shown mounted within a cup-like housing 
similar to the configuration of US. Pat. No. 3,740,754 in 
that its elements are mounted from a central feed. This 
device of U.S. Pat. No. 3,789,416 would be no more 
able to perform satisfactorily in the aidspace vehicle 
application than would the apparatus of U.S. Pat, No. 
3,740,754. Still further, both of these prior art devices 
would be relatively expensive to manufacture. Many 
metal forming steps and jig assembly appear necessary 
temperature induced by atmospheric reentry by only 
the relatively thin randome cover. 
Other prior art is extant describing shaped, printed 
25 circuit dipoles and other printed radiators and the mate- 
rials and processes for applying such printed circuit 
eiements on a dielectric substrate. as for example by 
photolithography or selective etching, are now well 
understood by those of skill in this art. 
Examples of microstrip (printed circuit) dipole and 
other radiators on dielectric substrates are disclosed in 
US. Pat. Nos. 4,012,741; 4,067,016; 4,072,951 and 
4,155,089. 
30 
35 DISCLOSURE OF THE INVENTION 
In consideration of the state of the prior art and the 
limitations thereof, it may be said to have been the gen- 
eral object of the invention to provide a flush, cavity- 
backed microstrip antenna of low cost construction in 
40 which the planes of the microstrip elements are orthog- 
onal vis-a-vis Lhe flush radome to reduce heating of the 
microstrips themselves. Moreover, it may be said to 
have been an object of the invention to provide afore- 
mentioned microstrip antenna elements in a turnstile 
45 configuration adapted to be fed through quadrature 
hybrids preceeded by a comparator hybrid having sum 
(2)  and difference (A) inpilts, selection of one of these 
inputs resulting in a sum, single lobe pattern or a differ- 
5o ence pattern in the form of two lobes separated by an 
angular null, respectively. 
The microstrip dipoles and feeds are emplaced on 
interlocking diagonal (“egg-crate”) dielectric planes 
(substrates) intersecting at right angles at the center of 
55 the square cavity cross-section. Thus only the edges of 
the microstrip dipoles are adjacent to the radome and 
are therefore less subject to hezting due to high speed 
air friction against the radome than would be the czse if 
the planes of the microstrip dipoles were adjacent to the 
The details of the structure of the invention will be 
60 plane of the radome. 
more fully described as this specification proceeds. 
BRIEF DESCRlPTION OF THE DRAWINGS 
~. 
for either. 
Concerning the so-called turnstile antenna configura- 
tion, it should be noted that this is a well-known con- 
cept in this art. It basically involves dipoles or colinear 
65 FIG. 1 is a perspective view of a typical antenna 
FIG. 2 is a view of one of the two substrates with 
assembly according to the invention; 
printed circuit clipo!e and feed; 
4,287,518 
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FIG. 3 is a schematic block diagram of a typical 
circuit configuration for employment of the antenna of 
the invention; 
FIG. 4 is a detail of a typical feed connection from an 
associated stripline to to the feeds of the apparatus of 
FIG. 1; 
FIG. 5 is a typical radiation pattern for the configura- 
tion of FIG. 1, connected as indicated in FIG. 3, for 
alternate H and A ports excitation. 
BEST MODE FOR CARRYING OUT THE 
INVENTION 
Referring now to FIG. 1, the antenna according to 
the invention instrumented in turnstile fashion is shown. 
The cavity is formed by a box structure 11 of conduc- 
tive material. The flange of box 11 would be normally 
nearly flush with the mounting surface, for example the 
skin of an airhpace vehicle. A radome (not shown) 
would normally close the open face of the cavity box, 
which is basically the aperture of the antenna, to pro- 
vide a window substantially transparent to electromag- 
netic energy and also effecting aerodynamic surface 
continuity. 
The rectangular conductive cavity box 11 i s  prefera- 
bly one quarter wavelength deep at “in-guide” dimen- 
sions, i.e. 15% -+ larger than a quarter wavelength in 
free space, and approximately three-quarter wavelength 
on a side internally. In that connection, these and other 
similar dimensions are expressed at the center of the 
design frequency band, although it is noted that no 
highly critical dimensional requirements apply to the 
described apparatus. 
The cavity box 11 interacts with the active elements 
yet to be described in a manner comparable to that of 
other cavity antenna arrangements. The effect of instal- 
lation of a basic antenna element in a conductive cavity 
has been studied and analyzed in the technical literature 
since basic forms of cavity antennas per se are known. 
One of the prior art U.S. patents referred to hereinbe- 
fore, namely US. Pat. No. 4,132,995, is a cavity-backed 
antenna and is subject to those general considerations. 
Two substrates 13 and 14, typically of a nomin2l 1/16 
inch (0.15 to 0.16 cm) thick dielectric material having a 
dielectric constant on the order of 2.5 are interlocked in 
“egg crate” fashion. Looking ahead to FIG. 2, this 
interlock at the cavity center will be appreciated. The 
slot 18 in 13 or 14 engages and overlaps the other sub- 
strate, and of course, it will be realized that only on2 of 
the substrates 13 and 14 has slot 18 as depicted in FIG. 












- -  
Since thetwo substrates 13 and 14 are diagonals of 
cavity box 11, they are f i S  in length, where S is the 
cavity box side dimensions. It will be realized from 
FIG. 1 that four shaped dipoles 16 are employed in the 55 
total configuration, two on each of the substrates 13 and 
14, each of these dipo!es being backed on the opposite 
side of the substrate at the corresponding location such 
that feed symmetry is achieved. This will be explained 
more fully with reference to FIG. 2. The four dipoles 60 
are in substantially co!inear pairs as will be seen in FIG. 
1, the four dipoles being identified by letters a, b, c and 
d, those references being carried through to FIG. 3 to 
explain operation. 
typical of all four dipoles. These and the feeds, compris- 
ing matching section 19 a d  coupling section 15 are 
applied by conventional printed circuit techniques. The 
Referring now to FIG. 2, the “T” shaped dipole 16 is 65 
4 
shape of these dipoles is selected for broad-banding and 
in consideration of the impedance matching consider- 
ations within the cavity. Each of the dipoles, such as 16, 
has a slot 17 extending into (and through) the printed 
circuit of the shaped dipole 16 so as to divide the “T” 
head of the dipole into two dipole halves. The “base” of 
each dipole stem 27 is flared into forming symmetrical 
skirts which form an angle of approximately 45” with 
respect to each other. The total width of the “T” head 
is about one third wavelength, the vertical direction 
depth (FIG. 1) of the “T” head as viewed in FIG. 1 and 
the cavity association producing electrical equivalailce 
to a quarter wave. The slot 17 for each dipole is s!ightly 
below the length corresponding to resonance at band 
center. That is, slot 17 would be less than one quarter 
wavelength in free space. 
It will be realized that the width of the dipoles is 
substantially less than the diagonal cjf the cavity box; 
accordingly, a substantial portion of the length of each 
of the substrates near the cavity box corners is free of 
printed circuit elements and provides a mechanical 
support function only. The dipoles will be placed close 
to the slot 18 laterally, although actual dimensions are 
not critical in this regard. 
From FIG. 2, it will be realized that each dipole is 
symmetrically fed by a feed trace comprising impe- 
dance matching section 19 and a curved trace 15. The 
curved trace 15 is preferably an approximate semicircle 
with its center of curvature opposite slot 17 on the 
opposite side of the microstrip board (substrate) which 
mounts them both. The coupling effected between each 
feed and its corresponding dipole is achieved in this 
manner. The radius of curvature of the feed is not criti- 
cal, however the larger it is, the higher the impedance 
presented will be. The relationships observable from the 
drawings is typical in that regard. The feed trace com- 
prising 19 and 15, in addition to its impedance matching 
function, operates as a balun providing a balanced di- 
pole excitation from a basically unbalanced transmission 
line. 
Considering FIG. 4, next, the sectional view pres- 
ented is somewhat exagerated for clarity. The dipole 16 
and feed traces 19 and 15 are shown on opposite planes 
of dieiectxic board 13 or 14. A short connection 24 
through an opening in the cavity floor 12 serves to 
connect each of the feed traces to the center conductor 
26, dielectric 12 and a second ground plane 25 (12 being 
the first ground plane). The shaped dipole will. be seen 
to be conductively fixed to the cavity box floor 12 at the 
base of its stem portion 27. 
Referring now to FIG. 3, a typical utilization circuit 
for the antenna of the invention is shown. It may be 
assumed that individual feed transmission lines of the 
type described hereinbefore may be employed to pro- 
duce an arrangement according to FIG. 3. Here the 
dipoles a and b, are coupled into ports of a first quadra- 
ture hybrid and dipoles c and d are similarly coupled 
into ports of a second quadrature hybrid. Those hybrids 
are four port devices, one of the remaining two ports of 
each being the output, assuming a receiving mode, and 
the fourth port being resistively terminated. These out- 
put ports connect discretely to a four port comparator 
hybrid 21, the other ports of which provide sum (2) and 
difference (A) outputs discretely. 
The apparatus described is, of course, fdly reciprocal 
and for production of transmitting radiation patterns 
selectively as shown in FIG. 5, either the I: or A input 
of comparatcr hybrid 21 would be excited. In the re- 
4,287,518 
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ceiving mode, signals received according to one of each thereby acting as a balun to symmetrically couple 
these patterns are presented on the corresponding port to the corresponding dipole. 
(H or A) of hybrid 21. 3. Antenna assembly particularly adapted for mount- 
It will also be realized by those of skill in this art that ing flush with the skin surface of an aidspace vehicle, 
the antenna of the invention operated in the circuit 5 comprising: a generally rectangular conductive cavity 
configuration of FIG. 3 provides circular polarization. of square cross-section in a plane generally parallel to 
The “egg-crate” configuration of the printed element said skin surface at the location of said cavity, the aper- 
boards provides and maintains the orthogonality re- ture of said cavity being substantially flush with said 
quired for this circular polarization. skin surface; first means within said cavity comprising a 
It will occur to those of skill in this art that other 10 pair of dielectric boards each in a plane normal to said 
excitation configurations are possible to obtain other cavity cross-sectional plane, said boards each fitting 
results comparable to the characteristics of which the between opposite comers of said cavity and intersecting 
basic turnstile antenna configuration is capable. More- orthogonally substantially at the center of said cavity; 
over, other modifications and variations will suggest second means comprising a plurality of printed circuit 
themselves to those of skill in this art and accordingly, 15 dipoles, located two to the broad surface of each of said 
it is not intended that the invention should be regarded boards one on either side of said board intersection; 
as limited in scope to the specific embodiment shown third means comprising a printed circuit feed trace on 
and described. The drawings and this description are the opposite side of said dielectric board from each said 
intended to by typical and illustrative only. dipoles, said traces each feeding a corresponding dipole 
We claim: 20 through said board dielectric without conductive con- 
1. An antenna system particularly adapted for mount- nection; and fourth means comprising an external con- 
ing flush with the skin surface of a reentrant aidspace nection for each of said feeds to facilitate independent 
vehicle, to generate selectable sum and difference, cir- excitation control for each said dipoles. 
cularly polarized radiation patterns from an aperture 4. Apparatus according to claim 3 in which said 
substantially flush with said skin surface comprising: a 25 printed dipoles are in the general shape of a “T” with 
conductive cavity of substantially square cross-section the top of the head of said “T” continuous with the 
in a plane parallel to said skin surface and of uniform plane of said cavity aperture, the stem of said “T” being 
depth internal to said vehicle, said cavity providing an flared toward its base. 
aperture substantially at said flush mounting at said skin 5. Apparatus according to claim 4 in which each of 
surface; first means within said cavity comprising a pair 30 said dipoles are formed in two halves by a slot symmet- 
of dielectric boards each in a plane normal to said cavity rically placed in the printed circuit material of each of 
cross-sectional plane, said boards each fitting between said “T” heads, said slots extending from said top of said 
opposite comers of said cavity and intersecting orthog- “T” heads toward said stem base normal to said cavity 
onally substantially at the center of said cavity; second aperture plane. 
means comprising a plurality of printed circuit dipoles, 35 6. Apparatus according to claim 5 in which said slots 
located twg to the broad surface of each of said boards, are sub-resonant at the mid-band design frequency. 
one on either side of said board intersection; third means 7. Apparatus according to claim 6 in which said slots 
comprising a printed circuit feed trace on the opposite are less than one-quarter wavelength long. 
side of said dielectric board from each said dipoles, said 8. Apparatus according to claim 4 in which said “T” 
traces each feeding a corresponding dipole through said 40 shaped dipoles and the depth of said cavity are both one 
board dielectric; fourth means comprising an external quarter wavelength in-guide corresponding to approxi- 
connection for each of said feeds to facilitate indepen- mately 1.15 of the free space quarter wavelecgth. 
dent excitation control for each of said dipoles; and fifth 9. Apparatus according to claim 3 in which said third 
means comprising a first four-port hybrid connected means feed traces each comprise a trace substantially 
from two orthogonally adjacent dipole feeds of said 45 parallel to said dipole slots and a curved open loop 
third means to provide a first combined signal, a second portion making substantially a 180” turn in the plane of 
four-port hybrid connected from the two remaining said feed trace, said curved loop portion having its 
dipole feeds of said third means to produce a second center of curvature opposite the slot of the correspond- 
combined signal, and a four-port comparator hybrid ing dipole to provide a balanced feed for said corre- 
connected discretely at two of its ports to said first and 50 sponding dipole. 
second combined signals, said comparator hybrid also 10. Apparatus according to claim 4 in which said “T” 
having Z and A ports such that selective excitation of shaped dipole stem skirts make an angle of approxi- 
one of said Z and A ports produces a corresponding mately 45” with respect to each other in the plane of 
antenna pattern. said printed circuit dipole. 
11. Apparatus according to claim 5 in which said “T’ 
printed dipoles are “T” shaped with the “T” heads shaped dipole stem skirts make an angle of approxi- 
adjacent said aperture, said “T” shapes having flared mately 45” with respect to each other in the plane of 
stems extending to conductively join the bottom surface said printed circuit dipole. 
of said cavity, said “T” shapes being formed into dipoles 12. Apparatus according to claim 8 in which said 
by a non-resonant slot in each, running from said aper- 60 third means feed traces each comprise a trace substan- 
ture to a predetermined depth less than the depth of said tially parallel to said dipole slots and a curved open loop 
cavity, and said feed traces each comprise a connecting portion of said feed trace, said curved loop portion 
trace running from a connection opening in said cavity having its center of curvature opposite the slot of the 
bottom to an open loop of substantially 180” curvature corresponding dipole to provide a balanced feed for 
with its center of curvature opposite said slot of the 65 said corresponding dipole. 
2. Apparatus according to claim 1 in which said 55 
corresponding printed circuit dipole, said feed traces * * * * *  
